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$B=\nabla\psi\cross\nabla z+B_{z}\nabla z$ (3)
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2) $\psi$ (flux function) . $\psi$ $B$ ,
$B\cdot\nabla\psi=0$ (4)
. $\psi=$ ( $z$ ) .
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z . (3) (1) ,
$(\nabla\cross B)\cross B=(-\Delta\psi)\nabla\psi-B_{z}\nabla B_{z}+(\nabla B_{z}\cross\nabla\psi\cdot\nabla z)\nabla z=\mu_{0}\nabla p$ (7)
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. z $\nabla\psi,$ $\nabla B_{x}$ x-y . (7) $z$ , $\nabla B_{f}$
$\cross\nabla\psi=0$ , $\nabla B_{z}$ $\nabla\psi$ . $B_{z}=B_{z}(\psi)$
. $\nabla B_{f}=B_{z}’\nabla\psi$ , (7) ,
$(-\Delta\psi)\nabla\psi-B_{z}B_{z}’\nabla\psi=\mu_{0}\nabla p$ (8)
. $\nabla p$ $\nabla\psi$ , $p=p(\psi)$ . $\nabla p=p’\nabla\psi$,
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(1) $\nabla p$ $0$ , $\nabla\cross B$ $B$
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$\nabla\cross B=\Lambda B$ , (10)
A , $\nabla\cdot B=0$ ,
$B\cdot\nabla\Lambda=0$ (11)





3 $\Omega$ . $\Omega$ , $\partial\Omega$ ,
$n\cdot B=0$ ( $n$ ) .
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$B=\nabla\cross w+h$ (12)
(3.3 ) . , $v_{W}=0,$ $\nabla\cdot h=0,$ $\nabla\cross h=0$ .
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$E=(B, B)/2\mu_{0}\equiv\int_{\Omega}B\cdot B^{*}$ /2
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$K_{d}= \int_{\Omega}w$ . B&
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4). $a$ $L$ .
$u=\lambda\nabla\Phi\cross\nabla z+\nabla\cross(\nabla\Phi\cross\nabla z)$ , (14)
$\Phi=J_{m}(\mu_{\dot{j}}r)\exp(im\Theta-ikz)$
, $B=u$ (10) . , $J_{m}$ $m$ $(m=0$,
1, 2, $\cdot$ .) , $\lambda=\pm(1\}^{2}+k^{2})^{y2},$ $k=\pm 2\pi nL(n=0,1,2, \cdot)$
. $\mu q=1,2,$ $\cdots$) , $r=a$ $n\cdot u=0$ ,
$\lambda mJ_{m}(\mu_{j}a)/a-\mu_{j}kJ_{m}’(\mu_{j}a)=0$ (15)
$j$ . $m=k=0$ (15) ,
$(=fl\alpha)$ . $\nabla\cross$ ,
$fl\iota a=0$ ,
$ftux=2 \pi\int_{0^{a}}u$ . Vz $rdr=2 \pi\int_{0^{a}}J_{0}(\mu_{j}r)rdr=2\pi a\mu_{j}^{-1}J_{1}(\mu_{j}a)=0$ (16)
. (14) .
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$m=1$ $m=2$








$u_{0}=c(\begin{array}{l}0\pm J_{l}(\mu r)J_{0}(\mu r)\end{array})$
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3 . 2 $L^{2}(\Omega)$
, .
$L^{2_{\Sigma}}=\{u\in L^{2}(\Omega);\nabla\cdot u=0, n\cdot u=0,flux=0\}$ ,
$L^{2_{H}}=$ { $\in L^{2}(\Omega)$ ; $\nabla$ . $=0$,\nabla$\cross$ $=0,$ $n$ . $=0$ },
$L^{2_{G}}=\{\nu\in L^{2}(\Omega);\nu=\nabla\varphi, \nabla\cdot\nu=0\}$ ,
$L^{2_{p=}}\{w\in L^{2}(\Omega) ; w=\nabla\varphi, n\cdot w=0\}$ ,
flux $\Omega$ ,
$x$
;(16) . $\Omega$ $flux=0$ .
$L^{2}(\Omega)$ ,





$Ker(div)\equiv\{\nu\in L^{2}(\Omega);\nabla\cdot\nu=0\}=L^{2_{\Sigma}}\oplus L^{2_{H}}\oplus L^{2_{G}}$
. u\in Ker(div) nnu=0
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$u\in L^{2_{O}}\equiv L^{2_{\Sigma}}\oplus L^{2_{H}}$
. L2H , \partial \Omega .
$\nabla\cross$ 16). Ker(curl) $L_{Z}^{2}$ Vx
. .
$Su=\nabla\cross u,$ $\propto S$) $=\{u\in L^{2_{\Sigma}};\nabla\cross u\in L^{2_{\Sigma}}\}$.
,’ D\S ) $S$ .
1( $\nabla\cross$ ) $16$)
$S$ $L_{z}^{2}$ . $S$
. $S$ $L_{Z}^{2}$ .
,
1 ( )
( $m=k=0$ fiux $=0$ )
, $S$ ,
$L_{Z}^{2}$ .
, $u\in$ Ker(div) . $n\cdot u$ . $n\cdot u=0$
, $L_{\sigma}^{2}$ $\nabla\cross$ .
$Tu=\nabla\cross u$ , I)(7 $=\{u\in L^{2_{\circ}};\nabla\cross u\in L^{2_{O}}\}$
,
2( $\nabla\cross$ $\Omega$ ) $1Q$
(1) $\Omega$ , $L_{\sigma}^{2}=L_{Z}^{2}$ , $T=S$ .
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.
(2) $\Omega$ . $L_{\sigma}^{2}\supset L_{z}^{2}$ , $\supset S$ .
, $C$ . , $\nabla\cross u=\lambda u$
$\lambda$ .
$2-(2)$ 32 $flux\neq 0$
. $S$ $\lambda$ $\nabla\cross u=\lambda u$
,
\nabla$\cross$\mbox{\boldmath $\nu$}-\mbox{\boldmath $\lambda$}\mbox{\boldmath $\nu$}=\mbox{\boldmath $\lambda$}
$\nu$ . , $\in L_{H}^{2}$





. 2-(2) , , \mbox{\boldmath $\theta$}













A . , A
( ) (10)-(11) .
3.3 $\nabla\cross$ . ( )
. 22 H. $Grad$ (
) .
W. Grossman ( ) .
.
1) H. $Grad$ and H. Rubin: in Second United Nation Conference on the Peacefill Uses ofAtomic
Energy, Vol. 31 (United Nation, Geneva, 1958), 190.
2) A.A. Blank, K.O. Friedricks and H. $Grad$ : Notes on Magneto-Hydrodynamics $V,\cdot$ Theory of
Maxwell‘s Equations withoutDisplacement Current, NYO-6486-V (Courant Institute, New
York, 1957).
3) S. Chandrasekhar: Proc. Nat. Acad. Sci. 42 (1956), 1.
4) S.Chandrasekhar and P.C. KendaU:Astrophys.J.126(1957),457.
5) L. Woltjer: Astrophys. J. 128 (1958), 384.
6) L. Woltjer: Proc. Natl. Acad. Sci. U.S. 44 (1958),489.
7) : 46 (1991),450.
8) B.C. Low: Rev. Geophys. Space Phys. 20 (1982), 145.
9) Z. Yoshida: J. PlasmaPhys. 45 (1991), 481.
10) M.K. Levir and J.W. Gray: in Proceedings ofReversed FieuPinch Theory Workshop (ed.
27
H.R. Lewis&R.A. Gerwin), LA-8944-C (Los Alamos National Laboratory, New Mexico,
1981), p. 176.
11) E.N. Parker: Astrophys. J. 174 (1972), 499.
12) A. Hasegawa: Adv. Phys. 34 (1985), 1.
13) Z. Yoshida: Prog. Theor. Phys. 86 (1991), 45.
14) D. Montgomery, L. Turner and G. Vahala: Phys. Fluids 21(1978), 757, D. Montgomery, L.
PhiUips and M.L. Theobald: Phys. Rev. A40 (1989), 1515.
15) C. Foias and R. Temam: Ann. Sc. Norm. Supr. Pisa 5 (1978), 29.
16) Z. Yoshida and Y. Giga: Math. Z. 204 (1990),235.
